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摘要 
背景：角膜是无血管的高度透明的特殊组织，承担了眼三分之二的视觉功能。角
膜新生血管（Corneal neovascularization，CNV)严重威胁视力，甚至导致失明，
其机制未明，被认为是新形成的血管以出芽方式从角膜缘血管丛侵入无血管的角
膜基质的过程。尽管近几十年来国内外已经针对CNV进行了大量的基础和临床研
究，并取得了一些进展，然而因CNV发生的原因多种多样，发病机制非常复杂，
到目前为止，仍没有发现一种共同的机制可以解释不同原因导致的CNV，也没有
找到一种十分有效的方法治疗CNV。因此，深入探索CNV的发生机制及其防治，仍
是眼科学研究需要面临的严峻挑战，也一直是眼科学研究的热点。CNV与体内其
它新生血管的形成相似，是一个极其复杂的过程，一系列的病理条件比如缺氧，
外伤，炎症和感染都可能导致CNV。尽管一些研究认为MAPKs和Notch4的激活及炎
症细胞的浸润有促进CNV的作用，然而也有一些研究持相反的观点。因此迄今为
止，MAPKs和Notch4的激活及炎症细胞的浸润对CNV的确切作用仍不清楚。 
目的：研究 MAPKs 和 Notch4 的激活及炎症细胞的浸润对 CNV 的确切作用及其机
制。 
方法: SD 大鼠角膜缝线后，随机分为全身辐照组（total body irradiation，
TBI）、非辐照组（NTBI）、p38 MAPK抑制剂 SB203580 处理组和 Notch γ-分泌酶
抑制剂二苯并氮卓（dibenzazepine，DBZ）处理组。以裂隙灯显微镜观察和记录
缝线前及缝线后不同时间点 CNV的面积和长度；以苏木素和伊红方法检查角膜切
片及血液和骨髓的细胞甩片；以免疫组化或免疫荧光检测大鼠角膜中表达 CD146
（血管内皮细胞标志）、PMN（中性粒细胞标志）、CD68（单核细胞标志物）和 Notch4
的细胞；以蛋白质免疫印迹(Western blot)检测大鼠角膜和炎症细胞中的 CD146、
MAPKs、激活的 MAPKs、VEGFa、VEGFc和激活的 Notch4 的表达；以 Western blot、
硝酸银染色、电镜和差异蛋白质谱检测角膜 I 型胶原的降解和重塑，以转染
Notch4-GFP 质粒的 293T 细胞检查 Notch4 的激活对 VEGFr3，MMP13 和Ⅰ型胶原
表达的影响；以 DBZ 处理的大鼠角膜基质细胞检查 Notch4 活性被抑制后对
VEGFr3、MMP13 和Ⅰ型胶原表达的影响；以敲除 VEGFr3 基因的小鼠角膜基质细
胞检测缺失 VEGFr3的表达对 MMP13和Ⅰ型胶原表达的影响。 
结果：缝线诱导的大鼠炎症性 CNV 模型显示，在 TBI 组和 NTBI 组，缝线后 CNV
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的面积和长度随着时间的增长而逐渐增加，两组间没有显著性的差异；CNV 的增
加与 Notch4 而不是与 MAPKs 的激活水平相一致，DBZ 能有效地抑制 CNV，而
SB203580 对 CNV 没有显著的影响；角膜中增加的 MAPKs 的激活是来源于炎症细
胞的浸润；角膜中 VEGFa 和 VEGFc的表达不会因辐照而被抑制，VEGFa的表达虽
然较高，但缝线前后没有显著的变化，与 CNV 的增加不相关，而缝线后 VEGFc
的表达显著增加，与 CNV 的增加相一致；CNV 的增加也与炎症细胞的浸润无关；
缝线诱导的炎症性 CNV 大鼠角膜的 I 型胶原发生降解和重塑。研究 Notch4 调节
CNV 机制的体外细胞培养模型显示，293T 细胞转染 Notch4-GFP 质粒后，Notch4
的激活显著上调 VEGFr3，MMP13 和 col1a1 的表达，但抑制 col1a2 的表达；DBZ
处理大鼠角膜基质细胞后，Notch4的激活显著被抑制， VEGFr3，MMP13和 col1a1
的表达显著减少，而 col1a2 表达显著增加； VEGFr3 基因敲除后，小鼠角膜基
质细胞的 MMP13、col1a1 的表达显著减少，而 col1a2的表达显著增加。 
结论：CNV受激活的 Notch4的调节而不受激活的 MAPKs和炎症细胞浸润的调节；
Notch4调节 CNV是通过上调 VEGFr3的表达，进而促进 MMP13和 col1a1的表达，
抑制 col1a2 的表达，以降解及重塑角膜 I型胶原，创造角膜基质空间，促进 CNV
的侵入。 
关键词 角膜新生血管；Notch4；MAPKs；炎症细胞的浸润；VEGFr3；Ⅰ型胶原 
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Abstract 
Background  
The cornea is a highly transparent avascular tissue, responsible for 
approximately two-thirds of the total refractive power of the eye. Corneal 
neovascularization (CNV) is a sight-threatening condition, leading to a 
profound decline in vision even blindness. It is an incompletely 
understood process that is also called angiogenesis characterized by an 
invasion of newly formed blood vessels into the normally avascular stroma 
from the limbal vascular plexus. The mechanism for CNV has been the subject 
of massive speculation without culminating in any one universally 
accepted hypothesis. Current treatments for CNV include topical 
corticosteroid, non-steroid anti-inflammatory medications，surgical 
treatments and so on. However, these all have limited clinical efficacy 
and caused a multitude of undesirable side effects. Therefore, many 
studies have been conducted for clarifying mechanisms underlying CNV and 
finding new therapeutic options for controlling the development of new 
blood vessels. A variety of pathological conditions such as hypoxia, 
trauma, inflammation and infection may induce angiogenesis. Several 
molecules including mitogen-activated protein kinases (MAPKs)， Notch 
receptors ，MMPs and growth factors have been reported to contribute to 
the development of angiogenesis. However, the contribution of Notch4 to 
CNV has not been reported and the roles of MAPKs in the development of 
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CNV have been very little explored, also the relationship between the 
infiltration of inflammatory cells and CNV has been in controversy. 
Purpose  
To investigate the exact roles and mechanism of Notch4 and MAPKs 
activation, as well as inflammatory cells infiltration, in the 
development of corneal neovascularization (CNV). 
Methods 
Suture models of CNV were established in Sprague Dawley rats and randomly 
divided into total body irradiated (TBI), nonirradiated (NTBI), P38 MAPK 
inhibitor SB203580 treated, Notch γ-secretase inhibitor dibenzazepine 
(DBZ) treated and saline treated groups. CNV was observed and assessed 
under a slit lamp microscope. The corneal sections and cytocentrifuge 
slides of blood and bone marrow cells were examined by hematoxylin-eosin 
(HE). The cells which expressed CD146, PMN, CD68 (ED1), and Notch4 in 
corneas were examined by immunohistochemistry and immunofluorescence. 
The expression of CD146, MAPKs, VEGFa, VEGFc，activated Notch4 and MAPKs 
in corneas and inflammatory cells were determined by Western blot. The 
degradation and remodeling of type Ⅰcollagen was examined by sliver 
staining, mass spectrometer and Western blot. The expression of VEGFr3, 
MMP13, cola1 and col1a2 in 293T cells transfected with Notch4-GFP plasmid 
was assayed using Western blot. We also evaluated the inhibitory effects 
of DBZ on the expression of VEGFr3, MMP13, cola1 and col1a2 in rat 
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